
Electrical properties

Frequency dependence

Impedance spectroscopy (IS)

-Electrical properties

- Dynamical behavior

- Dynamics of bound or mobile charge in the bulk 

or interfacial regions of any kind of solid or liquid 

material:

- ionic

- semiconducting

- mixed electronic–ionic

- insulators (dielectrics).



Electrical properties

Polarization mechanisms

Dynamics

Polarization relaxation



Electrical properties



Electrical properties

DC Electric fields
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Electrical properties

AC Electric fields
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ε(∞) -> high frequency

τ -> relaxation time
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Dielectric Relaxation in Materials with a 

Single Time Constant
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Electrical properties

Dielectric Relaxation in Materials with a Single Time Constant. Equivalent circuits
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Electrical properties

Electrodes, grains vs grain boundaries, etc



Dielectric properties: Temperature dependence

Relative dielectric permitivity vs

temperature:

- 0.2mbar of oxigen pressure;

- 80mJ/cm2 of laser annealing;

- a) 0 seconds, b) 50 seconds, 

c) 200 seconds and d) 1000 

seconds.

a) 
 

b) 

 
c) d) 
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Difuse phase transition
Transition temperature peaks depend on frequency (relaxor-like behaviour)



Vogel-Fulcher

Dielectric properties

Without laser anealing
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Dielectric properties: Frequency dependence

Real part of permittivity

Imaginary part of permittivity

Srong rise at low 

temperatures: 
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Havriliak-Negami
Dielectric properties
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Electrical properties

Measurements: parallel plane capacitor
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- Need for EMI shielding

- Coaxial cables

- Rest of setup similar to the resistivity
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Up to ~3MHz



Dielectric properties laboratory

Oven

Cryostat


